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One of the principal problems in the radio astronomy of the 
discrete sources is their identification with visible objects. 
Identification is necessary in . most instances to determine the dis-
tance of a source and thus its intrinsic luminosity. It is of as-
sistance in deciding the probable mechanism for the radio emission. 
Identification of a reasonable sample of radio sources should be made 
prior to speculations from statistical studies of the radio sources 
as a class. 
A proper identification can be obtained in a number of ways, 
depending on the particular circumstances. In the case of a planet, 
detection of the motion is sufficient confirmation of radio emission. 
Both the radio spectrum and size can be used to establish identifica-
tion of emission nebulae. Where a 21-cm absorption spectrum is ob-
tained, it may offer definite evidence of identification in the case 
of a galactic object. In the great majority of cases, however, the 
prime evidence for identification is a p recise position of the radio 
source. 
Identifications of in dividual sources are closely allied to 
other inve stigations such as studies of the phy sical parameters of the 
sources and their spatial distribution. Any result on statistics of 
sources has to be considered in terms of the known identification, and 
a new group of identifications may demand reconsideration of statistical 
studies. The physical parameters such as size and spectrum of the 
identified sources can assist in identification of other objects for 
which similar parameters are known. Historically, in the study of the 
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sources, emphasis bas switched from time to time between the foregoing 
types of investigation. As this is essentially an historical survey, 
it will intermix the various investigations, stopping at certain points 
to summarize the best data on particular types of objects. 
Some twelve years ago, only six radio sources were known, half 
of which were identified with visible objects. These were among the 
brightest radio stars and simple interferometric equipment of low 
primary resolving power was adequate for the determination of position; 
Identification was relatively easy, as the optical counterparts were 
moderately bright and of appreciable angular extent. The two brightest 
radio stars, Cyg -A and Cas-A, were not identified until 1951. Here 
again simple interferometers were used, but more care was taken with 
determination of instrumental constants. The optical counterparts are 
visually very faint objects. 
In order to detect fainter and fainter radio sources, it became 
necessary to build larger and larger antenna arrays to secure both in-
creased signal-to-noise ratio, necessary for detection, and higher 
resolving power, necessary to discriminate agahst the confusing effects 
of the bright sources. Most of the work on discovery of the sources 
and the compilation of catalogs has been done by two groups, one at 
Cambridge and the other in Sydney . In both cases, the methods adopted 
to gain the high resolving power resulted in a loss of positional 
accuracy over the early simple interferometers. At Cambridge, inter-
ferometry was still employed but with larger primary elements. However, 
chiefly due to financial reasons, the gain in resolving power was made 
principally in one direction, east-west. While in the absence of con-
fusion very high accuracy could be obtained in right ascension, the 
primary resolution in declination was relatively poor, and owing to the 
short time of observation, the period method for determination of de-
clination gave results of fairly low accuracy. In Sydney the Mills 
Cross antenna was used for both discovery and position work. Here the 
positional accuracy was principally limited by signal-to-noise ratio, 
rather than confusion, but was equal in both coordinates and probably 
somewhere intermediate between the accuracy of the Cambridge right 
ascensions and declinations. 
By 1957 several thousand radio sources had been observed by the 
two groups, but the number of identifications had increased by only a 
small factor. In fact, very few identifications had come from the meter-
wavelength survey work; the majority were the result of deliberate at-
tempts to detect radiation from known optical objects such as the nearby 
galaxies (principally by the Manchester group), and emission nebulae and 
planets (principally by the U. s. Naval Research Laboratory). Succes-
sive efforts by Minkowski, Mills and Dewhirst, using the Cambridge and 
Sydney catalogs, failed to secure any really positive identifications of 
extragalactic objects although quite a number of possibilities were sug-
gested. Dewhirst in particular noticed a more than chance coincidence 
in the number of double elliptical systems near the positions of radio 
sources. 
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In the three years since the Boulder conference, the identifica-
tion rate has increased. This has been partly due to the construction 
of large precise steerable reflectors working in the decimeter range, 
and two new interferometers, one at Cambridge and the other at the 
California Institute of Technology. Both the Cambridge and Caltech in-
struments have baselines whose length and axes can be changed. 
At this stage, I propose to turn to discussion of identifications, 
starting with the nearby objects of the solar system and the galaxy, be-
fore returning to the more controversial questions of extragalactic 
identifications and statistics of source distribution. 
Sources in the Solar System. 
A short summary of results on the moon and planets is given in 
Table 1. Probably of greatest interest is the high intensity radiation 
in the decimeter band from Jupiter. Radhakrishnan and Robertsl have 
shown that this is about 30~ linearly polarized with the electric vector 
parallel to the planet's equator. The linearly polarized part probably 
comes from a belt at 3 times Jupiter's radius with the randomly polarized 
component somewhat closer to the planet. There is a strong similarity 
between the belt and the earth's outer van Allen belt, though the elec-
tron density and magnetic "field may be higher by several orders of mag-
nitude. The rather high disk temperatures for Venus suggest that there 
might be a somewhat similar phenomenon. Observations have been attempted 
at 31 em, with the result of an upper limit of less than 2000° for an 
equivalent black body temperature. It is probable that the 8-mm observa-
tions refer to the upper atmosphere and perhaps the 3 and 10-cm results to 
the surface of the planet. The suggested observation of low frequency 
burst-type radiation from Venus has now been retracted2. Two observations 
have been reported of radiation from Saturn, one of the presumed black 
body radiation at 3.75 em, and one of a burst-type radiation at 23 Mc/s 
similar to that from Jupiter. For the latter, the investi gators3 do not 
themselves ~onsider their evidence certain, and in the former the in-
vestigators offered no proof that the planet was the source of radiation. 
Galactic Sources. 
Nowadays we make an automatic subdivision of the cosmic radio 
sources into the two distinct classes of galactic and extragalactic 
emitters. The probable existence of two such classes was first sugg est~d 
by Oort and Westerhout5 on the basis of early survey s b y Ryle and Smith 
and Stanley and Slee7. Definite proof was first established b y Mills8 , 
both from number-magnitude counts and from the ob vious concentration of 
bright sources towards the galactic plane. Subsequent surveys, particu-
larly at the shorter wavelengths, have merely reinforced Mills' finding s. 
About 40 percent of the known galactic sou rces can be identified, 
exclusively either with emission nebulae or supernova remnants. Of 110 
objects listed by Wilson and Bolton9 which are probably galactic, there 
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are 58 for which approximate radio spectra and diameters are known. · 
These comprise 33 emission nebulae, visible on the 48 " Schmidt plates, 
9 objects which are probably emission nebulae (the regions of these 
sources are heavily obscured), 13 supernova remnants or likely super-
nova remnants, and 6 objects which have non-thermal spectra in regions 
which are heavily obscured. 
Table 2 lists the radio sources above declination -50° that can 
be associated with visible emi s sion nebulae . The values for flux density 
at 960 Mc/s are from Caltech observations. In comparing the integrated 
flux densities with those of other workers , for instance WesterhoutlO, 
note should be taken of the assumed angular size used in obtaining the 
integrated flux. The values depend greatly on whether an estimate has 
been made from comparison of the antenna beam and source profile, the 
optical size or an interferometric determination of the brightness dis-
tribution. Similar care should be taken in considering the low frequency 
intensities, for, as Millsll has shown, absorption effects can become 
serious and in some cases emission nebulae appear as 'holes ' in the 
background continuum. 
Table 3 lists the radio sources which are probably emission nebulae, 
but which are not visible _on the Schmidt plates due to obscuration. 
Table 4 lists 13 objects which are, or may possibly be, supernova 
remnants . Only three of these objects are definitely supernova remnants. 
In these cases the initial outbursts were observed and from the distance 
of the present remnants it can be shown that the absolute luminosity was 
of the right order for a supernova explosion. In a number of other cases 
(Cas-A, Cygnus Loop, IC-443 and Pup-A), energy of the order involved in 
a supernova is required to account for the mass and motion of the pre-
sumed remnant. 
The remaining six objects are judged to be supernova remnants 
purely on their appearance and similarity to more certain identifications, 
plus the fact that the radio emission appears to be non-thermal. 
In 1958, Drake and Ewen4 reported detection of radio emission from 
two planetary nebulae, NGC 6 583 and NGC 7293, at a wavelength of 3.2 em. 
Since then, T. A. Matthews has calculated the exp ected radiation from a 
number of planetary nebulae on the basis of the free-free mechanism using 
photoelectric data on Ha emission. For one nebula, NGC 7009, similar 
calculations have been made by L . H. Aller, using a slightly different 
method. His results are within 20 percent of that of Matthews . Matthews 
has also made a careful search for the radiation from about 12 objects, 
finding possible emission at about the expected level and position from 
two, any emission from the remainder being below the limit of his re-
ceiver sensitivity. The results for four are given in Table 5. For 
NGC 6543, the position of the source a g rees well with that of the plane -
tary. NGC 7009 is superimposed on a more extended source ; the position 
agrees well in declination, but only fairly well in right ascension~ 
Near the position of NGC 6853 there are rapid chang es in the galactic 
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background and NGC 7293 is near the edge of an extended source. These 
factors make observations difficult and are responsible for the rather 
high upper limits, and possibly for the apparently erroneous results 
of Drake and Ewen. 
Old novae have also been investigated as possible galactic 
sources. D. E. Harris has recently made observations in the positions 
of about ten old novae at 960 Mc/s with negative results. The limit of 
sensitivity of his equipment was about 3 x lo-26w m-2(c/s)-l. 
It appears that only the emission nebulae and supernova remnants 
are notable discrete sources of radio emission in the Galaxy. In 
genera l these galactic sources are distinguished by the fact that the 
radio brightness distribution follows very closely the optical distribu-
tion . This means that where a radio diameter is known, one can search 
the plates for a galactic object of the same diameter. This is i -n 
strong contrast with the extragalactic sources where the ratio of radio 
diameter to the optical diameter ranges between 1 and 30. Knowledge of 
the radio diameter only indicates the magnitude of the expected identi-
fication within a range of perhaps 5 magnitudes. Galactic sources may 
als o differ from extragalactic sources in the range of their spectral 
indices. Harris and Robertsl2, from a comparison of the 3C source in-
tensities at 180 and their own measurements at 960 Mc/s, suggest that 
the extragalactic objects have a very small range in spectral index 
(perhaps± 0.2), whereas the range for galactic objects may be as high 
as ± 0.6. 
Most of the galactic objects in unobscured regions can be identi-
fied. At the short wavelengths, practically all of the radiation within 
± 6oo of the anticenter resolves into sources of angular size between 5' 
and 2°, and nearly all occur in regions where absorption is sufficiently 
small to permit the visual counterpart to be seen. In the Cygnus region 
where we look almost along a spiral arm, practically all the radiation 
resolves into discrete sources, but high absorption permits visual iden-
tification of only the nearer sources. Towards the center an increasing-
ly· smaller part resolves out and only about one-third of the resolved 
objects are sufficiently nearby for visual recognition. 
One question on galactic sources is whether they alone account 
for the galactic continuum radiation. The hig h frequency results within 
± 6oo of the anticenter would certainly suggest this possibility. Ob-
jects as physically larg e as some of the old supernovae, lifetimes of 
the order of that of the Cygnus Loop and a frequency of occurrence of 
4 per thousand years, would g ive dilution factors exceeding 1 in the 
section of the galaxy towards the center and could well give the impres-
sion of an unresolved continuum.- Millsll has s uggested that perhaps the 
supernova remnants provide a source of relativistic electrons which then 
radiate in a g eneral interstellar ma gnetic field. Whether it is the 
supply of electrons from the remnants or a st eady expansion of individual 
cohesive remnants into an apparently continuous backg round, the supernova 
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origin is very plausible. 
The Radio Galaxies. 
Studies of a number of nearby galaxies have been made by 
Hanbury Brown and Hazardl3 in the northern hemisphere and by Millsl4 
in the southern hemisphere. Although earlier results were somewhat 
discordant, the most recentl5 show that the apparent radio magnitude 
for Sb's and Sc's defined by 
mr -53.4 - 2.5 (log S) 
where S at 160 Mc/s is in units of lo - 26 watts m-2(c/s)-l is equal to 
the apparent photographic magnitude. For a sample of 20 galaxies, the 
dispersion is only 0.5 magnitudes . The radio emission from irregular 
galaxies is somewhat lower, and from ellipticals probably very much 
lower. Considering these nearby systems as normal, about O.G percent 
of all galaxies are abnormal, emitting at levels of up to 10 times that 
of a normal system. 
Ten years ago following a very precise position of the Cygnus-A 
source due to Smithl~, Baade and Minkowskil7 identified this source with 
two members of a distant clu~ter of galaxies in collision . The distance 
of this pair is about 2 x 10 parsecs and the collision between the 
interstellar gas masses gives rise to enhanced emission lines. These 
strong lines permit an easy measurement of the red shift, in contrast to 
the weak absorption lines in normal systems. This identification raised 
two exciting possibilities. Firstly, the radio sources might lead to 
other and more distant collisions in clusters and thus pre-select objects 
for extending the optical red shift measurements to a greater distance 
than normally possible. Secondly, through a study of the distribution 
of radio galaxies, it appeared possible that radio astronomers could 
make an independent attack on the cosmological problem. 
In 1955, the first large-scale survey for extragalactic sources 
by the Cambridge group using the large four-element interferometer pro-
duced the startling result that the number of faint radio stars increased 
considerably faster than would be the case for a uniform isotropic uni-
verse. Identifying the typical source with Cygnus-A, Ryle and Scheuerl8 
provided a ready explanation in terms of a distribution of Cygnus-A type 
objects, mostly at very great distance. Looking out into space, and thus 
backward into time when matter in the universe was closer together, more 
frequent collisions between galaxies could account for the observed ef-
fects. The ensuing debate centered around two main questions, first 
whether the basic data was correct and second, whether alternate explana-
tions were possible in terms of a peculiar luminosity function. The 
first data available from the Sydney cross gave a much smaller excess of 
faint sources than the Cambridge result and it was pointed out by the 
writer that any observational errors in the measured magnitudes which 
increased with increasing faintness would produce the excess effect, 
whether it was due to confusion between adjacent sources, as in the case 
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of the Cambridge survey, or to a sensitivity limit as in the case of 
the Sydney survey. An examination of one area of sky common to both 
the 2C and the Sydney survey revealed very large discrepancies except 
for the brightest sources. This major discrepancy has now been shown 
to be largely due to errors in the 2C catalog, caused by over-analysis 
of the results. A further survey, 3Cl9, was then made with the same 
antennas at double the frequency (i.e. primary beam only 1/4 that of 2C). 
This contains only 500 sources instead of the 2000 in 2C. The agreement 
with Sydney is much better in the common area, the main point of dis-
a greement being on the existence of extended objects in the Sydney source 
list. The statistics from 3C still give an excess of faint objects, 
though it is the inclusion of rather bright extended objects (which they 
have been unable to confirm observationally) that depress the slope in 
the Sydney results. Observation both by the Manchester and the Caltech 
groups do confirm the existence of extended sources, though some objects 
classed as extended by Mills, Slee and Hill20 may not be really extended, 
and others may be due to blends of two or more sources. It is clear 
that a genuine extended sou rce is included by Cambridge if it is suf-
ficiently far away to be unres olved and therefore omission of such objects 
nearby would produce a steeper slope than is actually the case for the 
log N-log S curve. It is interesting to note that the new data from 3C 
has a slope of -2.0 and from the Mills, Slee and Hill survey for the 
zone +lOo to -20° in deciination is -1.8. If the extended sources are 
omitted in the latter, the slope is increased to -2.0; however, the 
authors suggest that corrections for the effect of observational errors 
would reduce the observed slope of -1. 8 to -1. 65. 
We have made some attempt at Caltech to resolve these differences 
by making sample checks of the individual catalogs. A check on the sources 
in the 3C catalog has been made at 960 Mc/s by Harris and Roberts using a 
90' equatorially -mounted reflector. Their results on approximately one-
hundred sources are as follows. 
1. One was not found. 
2. Two others were found to be a single source on an intervening 
position. 
3. For 47 of the sources the differences between the 3C and Cal-
tech positions were greater than the sum of the errors. 
4. Omitting obvious galactic objects, the spectral indices ba sed 
on the 3C value at 160 Mc/s and Caltech at 960 Mc/s show an 
extremely small dispersion. 
Initially, observations of intensity were made on the assumption 
that the 3C positions were correct. Due to some measurements being made 
in incorrect positions , these observations led to the finding that the 
fainter sources had apparently steeper spectra than the brighter ones. 
As the identified radio sources cover a very large range in intrinsic 
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luminosity, such a result would not be anticipated. The anomaly disap-
peared after observations were made at corrected positions. The result 
on the uniformity of spectral index is an important one, for it indicates 
that the frequency of observation will not seriously affect statistical 
studies, e.g . the number magnitude relation. 
A similar investigation was carried out on one area of the Mills' 
cross survey, this time using two 90' reflectors as an interferometer 
(fringe spacing 20' ). Observations were made of 450 sources, at the 
positions given by Mills . The results for the 306 of these sources whose 
flux density at 85 Mc/s is greater than 15 x lo-26 W m-2(c/s)-l are as 
follows. 
1 . For the 216 sources not noted as extended or probably extended, 
evidence was found for 161 (75~). 
2 . For the 47 sources noted as probably extended, evidence was 
found for 22 (47%). 
3. For 43 sources noted as extended, evidence was found for 24 
(56%) . 
Twenty-six of the ~xtended sources and 30 possibly extended sources 
in the catalog were also observed with a fringe spacing of 30' with the 
following results . 
For 26 extended sources: 
(a) 10 gave equal amplitudes at both spacings; 
{b) 4 were not seen with the 20' fringe spacing, but were 
seen with the 30' spacing; 
{c) 4 were not seen with the 30 ' fringe spacing, but were 
seen with the 20' spacing; 
{d) 8 were not seen at either spacing. 
For 30 probably extended sources: 
{a) 16 gave equal amplitudes at both spacings ; 
(b) 6 were not seen with the 20' fringe spacing, but were 
seen with the 30' spacing; 
{c) 3 were not seen with the 30' fringe spacing, but were 
with the 20' spacing; 
(d) 5 were not seen at either spacing. 
It would appear that about half the sources reported as extended or pos-
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sibly extended are really effectively point sources (those in category 
a). A small number, those in category b, are genuine extended objects 
and some or all of those in category d could also be extended and fully 
resolved at both spacings. Objects in category c are probably blends 
of one or more sources. 
An examination of the spectral indices gave much the same result 
as was the case with the initial examination of the 3C sources, i.e. 
the fainter sources have apparently steeper spectra. At a level of 
15 x lo-2b W m-2(c/s)-l the ratio of flux density at 960 Mc/s to that 
at 85 Mc/s was lower by a factor of 2 than for the strong sources. 
Mills, Slee and Hill (unpublished) suggest that their values are over-
estimated by about 20 percent at this level; probably the remaining 
discrepancy is due to positional errors . A sample check on 10 objects 
which have relatively flat spectra (i.e . are relatively intense at 
960 Mc/s) showed that the position errors for the weak sources in the 
Sydney catalog are probably underestimated and may average as high as 15'. 
In general, rather better confirmation was obtained of the sources 
in the 3C catalog and their relative intensity than of the sources in 
the Sydney catalog. The extended sources of the Sydney catalog in some 
cases do not appear to be extended and in others are complex, perhaps 
blends . I must stress that this conclusion is not very firm, but at the 
moment I find it difficult to believe that the slope of the log N-log S 
relation can be forced down to -1.5 . Whether the interpretation of a 
greater slope proposed by Ryle and Scheuer is correct, or whether an al-
ternate explanation exists -- for instance in terms of the luminosity 
function - - is another question . It seemed worthwhile, however, to 
examine rather closely their main premise, that the extragalactic radio 
sources are mainly objects of high intrinsic luminosity at great dis-
tances. In the past year, measurements by Elsmore, Ryle and Leslie21 
at Cambridge with a complex interferometer, by Harris and Roberts at 
Caltech using a single high-resolution telescope, and by Matthews, Read 
and Morris at Caltech using an interferometer have resulted in highly 
accurate positions for about a hundred of the brightest radio sources. 
Many of these measurements provide excellent cross checks of the accu-
racy of the individual results, establishing beyond any doubt that a 
radio source is definitely within a certain small area, generally of one 
to three square minutes of arc. The area of each source has been classi-
fied on the 48" Schmidt plates in the following way. 
Field Class I. A single prominent object virtually alone within 
the error area. Generally brighter than 17th 
magnitude; 
Field Class II. More than one object brighter than the plate 
limit requiring positional accuracy better than 
0:5 in both coordinates to make a definite 
identification. Between magnitudes 17 and 19.5; 
Field Class III . Many faint objects towards plate limit, 20th 
magnitude; 
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Field Class IV. Field heavily obscured. 
Neglecting about a quarter of the objects which are in Class IV, 
the division of the remainder between the various classes was I - 15%, 
II - 30%, III - 55%. Most of the objects in Class I had been suggested 
as possible identifications by Dewhirst, Minkowski or Mills and nearly 
all these suggestions have been confirmed by subsequent Cambridge or 
Caltech measurements. The rather high number in Class I relative to II 
and III indicates a high proportion of radio galaxies in the low end of 
their luminosity function. It is perhaps of interest to question 
whether the luminosity function can be extended down to the so-called 
normal galaxies. One apparent objection to this is that all the normal 
galaxies detected are either spirals or irregulars, whereas the radio 
galaxies are, with a few notable exceptions such as NGC 1275, E's or SO's. 
The objects in Class III (55% of the total} must be fainter than 
magnitude 19.5 . Now, as most of the identified objects are galaxies of 
high intrinsic luminosity -- and we can only extrapolate reasonably on 
the basis of known identifications -- these must be more distant than 
-109 parsecs . Except perhaps in a most exceptional case, i.e. where 
the strength of the emission lines is on a scale equal to or greater 
than that of Cygnus-A, these objects are out of range for spectrographic 
investigation and many of . them may well be outside the range of direct 
photography. The positions investigated represent those of about half 
of the 200 brightest radio stars. It is clear from these considerations 
that many of the sources do suit the hypothesis made by Ryle and Scheuer. 
A second approach may be made through the radio luminosity func-
tion for the abnormal galaxies. Table 6 contains a list of what I 
consider certain identifications and, below the space, very probable 
identifications. In this table are given the optical positions, the 
angular sizes, mainly due to Moffet and Morris, red shifts, due to 
Minkowski 1 radio magnitudes deduced from the red-shift and · the flux den-
sities at 960 Mc/s. The flux densities at 960 Mc/s have been multiplied 
by 3.5 to correct to the standard frequency of 160 Mc/s, as direct 
measurements at this frequency are not available for all the sources 
listed. An average photographic magnitude of -20.5 for all the objects 
for which red shifts are known was computed and used to determine the 
distance modulus and thus Mr for the others. All the sources except 
three which are shown with horizontal bars through them in Figure 1 are 
in an area of 5 steradians. Those for which identification is still un-
certain are shown as open circles. 
The data of Figure 1 was used to compute the luminosity function 
in Figure 2 {open circles}, which shows the number of radio galaxies per 
cubic megaparsec in a given range of magnitude. Very similar results 
over a smaller range in Mr have been obtained in unpublished work by 
both Minkowski and Mills for possible identifications in the zone 100 to 
-20° of the Sydney catalog. The slope for a large section of this curve 
where the data must be essentially complete is about 0.5. This is the 
divergent condition (< 0. 6 ) where each magnitude range contributes more 
objects than the range below for sources in a g iven range of apparent 
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magnitude. In order to bring the total counts up to the observed values 
it can be shown that the density at Mr = -35 has to be increased by an 
order of magnitude. At present we cannot say where the luminosity 
function may reach the converg ent condition beyond Mr = -35. The red 
shift correction whose form is not known y et at the distances implied 
by Mr = -35 would probably be a major factor in producing an effective 
convergence . However, it is clear that source statistics even in the 
first hundred or so are undoubtedly affected by large-distance phenomena. 
The luminosity function may also be derived from the distribution 
of angular diameters of the radio galaxies. The most detailed data on 
diameters is that from the work of the Manchester group and from the 
work of Moffet at Caltech . The former measurements were made on 301 ob-
jects, at two antenna spacings of 2200 A and 9700 Aj and the latter on 
108 objects at twelve spacing s between 130 A and 1 6 00 Aj all the objects 
are from the 3C catalog. I am indebted to Professor A. C. B. Lovell for 
communicating the Manchester resu lts in advance of publication. The 
Caltech observations give more detailed results on the ob j ects of diame-
ter greater than one minute of arc, and the Manchester observations 
select objects with features of angular size less than a minute of arc. 
Both sets of observations indicate that many of the sources are complex. 
Sixteen percent of the sources observed at Manchester give fringe ampli-
tudes at 9700 A greater than at 2200 A. Nine out of 16 sources observed 
by Moffet, for which the fring e amplitude goes to zero before Boo A1 
give indications of a second maximum approaching the first in amplitude. 
In Figure 3 are plotted the angular diameters and distances of 
the identified radio galaxies. Due to the complexity in many sources, 
the angular diameter has been defined as the half wi dth of the equivalent-
disk Gaussian-distribution gained from that part of the amplitude-spacing 
spectrum between the initial maximum and the first zero. There is ob-
viously a large dispersion in the physical dimensions of the radio 
galaxies, some of which must be due to orientation, but the median size 
is around 80 kiloparsecs. A radio ~alaxy of apparent diameter of 1' is 
thus at a mean distance of 3.5 x 10 parsecs. 
The combined angular size data from Manchester and Caltech is 
given in Table 7 . Due to the larger number of baselines used in the 
Caltech observations, a finer subdivision can be made of the Caltech 
data. There is good agreement in the fraction of sources down to 3~2 
angular diameter, but poorer agreement in the distribution below this 
diameter. However, the 2200 A - 970 0 A anomalies for the sixteen pe rcent 
of the sources were ignored in tabulatin g the Manchester data. Using 
the previously stated definition of diameter, some of these objects 
should no doubt be transferred from the final category to the earlier 
ones which would tend to resolve the discrepancy . 
On the basis of an averag e size of 80 kiloparsecs, the Caltech 
distribution has been converted to a luminosity function and the indivi-
dual points are shown as filled dots in Figure 2 . The relation betwe en 
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Mr and m-M was used to determine the location of the abscissae. There 
is very close agreement with the faint end of the luminosity function 
derived from the identifications and with the revision of the bright 
end required by the number counts. The final point includes all sources 
of diameter less than o!4 and thus represents an upper limit. 
Some Remarks on Classification of Identified Radio Galaxies. 
In view of the increased number of identifications now available, 
it seemed worthwhile summarizing their parameters and their inter-
relationships of these parameters in the hope of pointing to the mechanism 
or evolution of these systems. The available parameters are, on the opti-
cal side, the luminosity, spectrum, type and cluster membership, and on 
the radio side, luminosity, spectrum and angular size. 
The radio galaxies appear to be mainly systems of high absolute 
brightness . For those systems whose red shifts are known or assumed, the 
average absolute photographic magnitude is -20.5. This includes NGC 
4782/3, which has been assumed to be a member of the Virgo Cluster and 
for which on this basis M = -17.6. Both Mr and the angular size are ab-
normally small; thus it seems possible that this system may not be a 
cluster member. Omitting it, the mean photographic magnitude becomes 
-20.8. 
Optical spectra in general are not particularly abnormal; some do 
show moderately strong emission lines, but then so do some other galaxies 
which are not radio emitters. Notable exceptions are Cygnus-A and 3C-295, 
for which Mr is brighter than -33. In Cygnus-A half the light of the 
galaxies is in emission lines; in 3C - 295 20 percent of the total light is 
in the O[I~ lines which are shifted to the red by 0 .46 . This system is 
a member of the most distant cluster known, and its recent identification 
by Minkowski was due to the knowledge of the angular size { < 0!2) from 
Manchester measurements, and precise positions from Cambri~ge and Caltech. 
M87 has a minor spectral anomaly in its blue polarized jet; one other sys-
tem, 3C-66, may have a similar but somewhat more conspicuous jet. 
Minkowski has attempted to detect polarization of the jet in this object, 
which is 3 magnitudes fainter than M87, but without success. 
Many of the radio galaxies are in clusters or small groups of 
galaxies. With the limited numbers available it is difficult to say 
whether the proportion is significantly greater than for all galaxies. 
There are, however, undoubtedly some radio galaxies which are field 
galaxies, so that radio emission is not entirely exclusive to cluster 
membership . The number of pairs, however, is significant: 11 radio 
galaxies are doubles, as against 14 singles. While radio emission does 
not demand a double system, it would appear probable that the close 
presence of one galaxy is likely to trigger the mechanism in the other. 
The identifications, where type can be established, are mostly E's 
and SO's . For distant systems, classification is very difficult. Baade 
and Minkowski classified Cygnus-A as a pair of Sb's; however, this 
classification is somewhat uncertain. It was presumably based on the 
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presence of the strong emission lines, vhich suggests considerable gas 
content for the galaxy, rather than on appearance. Of the nearby sys-
tems, NGC 1068 and 1275 are the only certain spirals -- the latter 
being a pair. As the stellar populations and structure of the nuclei 
of spirals bear considerable similarity, and if the nuclear region is 
responsible for the initiation of the radio mechanism, emission from a 
spiral might be anticipated in occasional circumstances vhereas in 
general spiral structures vill inhibit the radio mechanism. In passing, 
it may be noted that the Sag-A source at the center of our ovn Galaxy 
has a volume emissivity comparable to that of the brightest radio 
galaxies. 
On the data available at present, it appears that the radio 
spectra of most radio galaxies are remarkably similar, vith an index 
of approximately 0.7. Tvo exceptions are NGC 1068 and the jet in M87. 
In NGC 1068, the source is considerably smaller than the galaxy and its 
spectral index is probably about 0.4. The brightness distribution of 
M87 is double. There is an extended source of the order of 10' and a 
source smaller than 1'. Comparing the amplitude - spacing spectra given 
by Mills at 101 Mc/s and unpublished results of Moffet at 960 Mc/s and 
Denisse at 1420 Mc/s, the spectral index for the large sources is ap-
proximately 0.8 and that _of the small source 0.3. The small source is 
presumably to be associated vith the jet. It is interesting to note 
that the tvo radio stars vhich exhibit optical synchrotron radiation, 
M87 and the Crab Nebula, have similar radio spectra . There appears to 
be little correlation betveen the absolute radio luminosity of a galaxy 
and size of the radio source, except for a suggestion from only three 
objects that a small source is intrinsically veak. These three are, 
hovever, 3C-317, NGC 4782/3 and NGC 1068. The latter, as has been pre-
viously indicated, may be something of a special case; there is a doubt 
on the distance to NGC 4782/3 vhich, if increased, vould make the object 
conform better; and 3C-317 is only a possible identification. The median 
value of the physical diameter, defined in the manner previously stated, 
is around 80 kiloparsecs. Some are as large as 300 kpcs and the total 
extent, as in the case of NGC 5128, may approach 1 Megaparsec. 
A considerable number, exceeding 30 percent of the sources, are 
double objects of almost equal intensity. The doubling is not neces-
sarily correlated vith optical doubling. There are some cases of double 
radio and double optical, some optical double, but apparently single 
radio sources, and vice versa. Some objects such as NGC 5128 , M87 and 
NGC 1275 have more complex distributions still. In 5128 there may be 
tvo pairs of extended sources, plus a third pair of small sources. In 
general, the individual components of a double seem vell separated. 
It is of interest to consider the possible time scale of the 
radio galaxies vhose sizes range up to fifty times that of the pre~umed 
optical counterparts. The tvo sources of Cygnus-A are some 3 x 10 par-
secs from the parent galaxies. These, from the emission lines, are 
probably still in collision at a relative velocity of 3000 km/sec. Unless 
the radio emission started long before physical contact, it is necessary 
to assume the radio sources emerg ed at a velocity considerably in excess 
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of the collision velocity and thus of normal shock velocities. For · 
higher velocities it would be necessary to involve particle velocities 
of the order of the velocity of light. ~n this case, the lifetimes 
would be quite short, of the order of 10 years, even for sources as 
large as NGC 5128. This would explain why we see so few radio galaxies; 
it is in fact too few, if we consider the radio galaxies are only sys-
tems of high intrinsic luminosity. One possibility is that the radio 
phenomenon is recurrent and support for this might be indicated by the 
multiple pairs in NGC 5128 and the point source plus halo distributions 
of some other sources. 
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Legends for Figures. 
Figure 1. Absolute radio magnitude and distance modulus (or distance) 
for the identified radio galaxies. Uncertain identifications 
are shown as open circles, and certain identifications not in 
the area used to determine the luminosity function are shown 
with a horizontal bar. The cut-off to the lower right is the 
sensitivity limit. 
Figure 2. The luminosity function for radio galaxies. Open circles are 
from the identifications of Figure 1 and Table 6. The in-
creased slope beyond Mr = -30 is presumably due to incomplete-
ness. The full line is required by source counts. The filled 
dots are the luminosity function deduced from the distribution 
of angular size; the final point at Mr = -31.5 is an upper 
limit as it includes all sources < 0:4. 
Figure 3. A plot of angular size against distance modulus (or distance) 
for the identified radio galaxies. Open circles are uncertain 
identifications. 
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ADDENDUM - July 6, 1960. 
Prompted by the apparent anomaly of the source NGC 4782/3, Dr. 
Jesse L. Greenstein obtained spectra of the two objects in this system at 
the prime focus of the 200" telescope. He obtained red shifts of +3870 
km/sec for NGC 4782 and +4540 km/sec for NGC 4783 . The galaxies are thus 
not low-luminosity objects in the Virgo cluster, but high-luminosity ob -
jects at greater distances. The absolute luminosity corresponding to the 
mean red shift is -20.4 and the absolute radio magnitude -25. 8 . Appropriate 
corrections should be made to Table 6 and to Figures 1 and 3. 
!able 1 
Radio Sourcea in the Solar Systea 
Ob-ject Disk Teaperature Kon-Theraal Radiation 
Black Body 
Moon 183° at 3.2 ca not observed 
270° at 21 em 
250° at 31 ea 
Venus 580° at 9.4- em not observed 
560° at 3-15 em 
4-10° at 8 JRll 
Mars 218° not observed 
Jupiter ...... 14-0° at 3H 5 ea -8 x lo-26 w .-2(c/s)-l 
between 4-oo and 3000 Mc/s. 
Short period high energy 
bursts (-lo-20 w .-2(c/s)-l 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































C'fB a, 3C 58 
C'l'B 33 
C'l'B 53, W39 
C'rB 55, w4.o 
CTB 56, W41 
C'l'B 57, W42 
CTB 61, W45 
CTB 67, 3C 397 
CTB 68, W49, 3C 398 
CTB 73, W51 1 3C 400 
CTB 93, W70 
Table 3 
Radio Sources Yhieh are Probabl~ 
E•ission Iebulae 
Position (1950) Flux Denait~ at 
~~0 Me/a 
a 6 10- W m-2(c/a)-l 
o2ho11!r 56C?3 33 
16 31.3 -lt-7.6 300 
18 23.5 -12.5 200 
18 28.6 -02.2 26 
18 31.2 -08.6 90 
18 33.8 -07.2 65 
18 54.6 08.2 22 
19 04.6 07.2 27 
19 08.4 05.1 110 
19 20.7 14.1 370 





0~5 X 2° 
10' 
0~3 0 X 0.7 







Liat ot Radio Sourcea 
Which are Supernova Reananta 
or Probable SupernoT& Reananta 
Object Deacription Diaaeter Diatanae Expanaion 
Crab Babula Remnant ot Type I: 
polarized continuoua 
radiation plua outer 
tilaaentar~ atructure 
5' 1000 -1000 ka/aec 
SK 1572 Very taint, two fila-
menta and one nebu-
lous arc onl~ visible 
reananta 








Fan-shaped area ot 
filaments plus taint 
viapa 
-2' 
Betvork ot taat-moving lt- 1 
tilaaenta and condenaa-
tiona. Partl~ obscured 
and in region ot high 
interstellar denait~ 
Similar to Caa-A but 40 1 
much lover internal 
motions, probabl~ much 
older 
Almost circular object 
formed ot man~ over-
l apping tilamentar~ 
area 
Siailar to S llt-7 
~gnus Loop Prominent incomplete 
expanding shell, age 







Thick expanding shell 1~5 
or posaibl~ 2 shells 
Faint patches ot nebu- ~1~5 
loaity vith approxi-
mate!~ circular outline 
Faint patches ot nebu- -1~3 
losit~ vith approxi-
mate!~ circular outline 
TVo patches ot nebu- ,.. 1° 
loaity corresponding to 
the radio brightness 
distribution forming a 
rough arc 
Extensive region ot 
nebulosit~ vith sug-
gestion ot structure 
350 
3500 7000 ta/aec 
-500t 50 to 100 km/aec 






Observations ot Planetary Kebulae 
Predicted tlux Measured density Measured density 
density a~ 960 Xe/s at 8000 Xc/a 
Planetary 1o-26w m-2(c/a)-l lo-2 w m-2(c{•)-l 1o-26w a-2(c/a)-l 
(Xatthevs (Drake and Even) 
II'GC 65lt-3 1.5 1.3 
KGC 6853 1.0 ~3 11 
II'GC 7009 0.83 1.3 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Distribution or Angular Sizes or Radio Galaxies 
Angular Size Iu:aber or Galaxies 
9 
Cal tech Manchester (108 objects) (301 objects) 
9 > 12!8 4~ f 12!8 > 8 > 6!4. 5j 
6!4 3!2 
Total 28~ Total 27~ l > ' > 6j 3!2 > i > 1!6 13~ 
1!6 > 8 > o!8 12j} { o!8 > o!ll. Total 32~ Total 24~ > 9 2~ 






Distance tn Mega parsecs • cvG-A e 3c29!5 
03cl96 
e 3c33 0 3cl71 
3c310 e 0 3c234 
•3c315 
























Log (Number of galaxies 


















- 0- from 26 identifications 
• from 108 angular diameters 
--- required by number counts 
-26 -24 -22 
FIGURE 2 
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